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There are few reports on the application of natural orifice
transluminal endoscopic surgery (NOTES) for thoracic cav-
ity procedures.1 The most important limitation to the devel-
opment of NOTES is the lack of an effective endoscopic
entrance (wound) closure device.
The present study evaluated a novel method of wound
closure that involves the use of BioGlue (Cryolife, Kenne-
saw, GA). This method has clinical significance because it
avoids the need of a second operation for wound closure de-
vice removal.2
The study, approved by the review board of Chang Gung
Memorial Hospital, had 2 parts: (1) to evaluate the integrity
of tracheal wound repair using BioGlue in an explanted
tracheal specimen and (2) to evaluate the effectiveness of
BioGlue in tracheal wound closures in animals subjected
to transtracheal thoracic exploration and pericardial win-
dow creation.
CLINICAL SUMMARY
In the explanted tracheal specimen study, a 15-mm inci-
sion was made along the intercartilage portion of the tra-
chea. The entire tracheal wound was then treated with
BioGlue. A saline solution was instilled into the tracheal lu-
men to check the safety and integrity of thewound closed by
BioGlue (Figure 1, A, B). The ‘‘bursting pressure’’ of the
tracheal incision was measured by intraluminal infusion
of air using a VBM cuff pressure gauge (VBM Medizin-
technik, Sulz, Germany).
In the animal study, the aforementioned procedure was
performed with the dogs in the supine position and under
general anesthesia; an endotracheal tube was placed justFrom the Laboratory Animal Center, Department of Surgery, Chang Gung Memorial
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458 The Journal of Thoracic and Cardiovascular Surgabove the tracheal carina. A tracheal incision was made
with a homemade metallic knife over the right mid-lower
trachea region under endoscopic video guidance. The se-
quential dilated technique with a homemade metallic tube
was used to approach the thoracic cavity through the tracheal
entrance.2,3 A flexible bronchoscope (outer diameter,
4.9 mm; Olympus Optical Co Ltd, Tokyo, Japan) was
inserted through the metallic tube, the thoracic cavity was
explored, and the pericardial window was created with
a needle knife (Olympus Optical Co Ltd) via the working
channel of the bronchoscope. After completion of the
thoracic procedure, a chest tube was placed through the
fifth intercostal space to monitor any air leak during
mechanical ventilation. The metallic tube was then
removed from the thoracic cavity, the working tract over
the mediastinum was checked for injury to the mediastinal
vessels during the operation, and the tracheal entrance site
was sealed with BioGlue (Figure 2, A–D). Positive ventila-
tion (with the endotracheal cuff located above the tracheal
wound) was initiated immediately after tracheal closure.
The integrity of tracheal healingwas assessed for 30minutes
in terms of the presence and severity of an air leak under pos-
itive pressuremechanical ventilation. The animals were then
sacrificed using intravenous Xylocaine (200mg) for autopsy
evaluations of NOTES outcomes. The pleural cavity was
immersed with 0.9% physiologic saline after sternotomy.
Tracheal integrity was tested by ‘‘under water leak testing’’
at various levels of positive ventilation pressure, and the air-
way pressure was measured with Boehringer inspiratory
force meters (Boehringer Laboratories, Norristown, Pa).
RESULTS
The explanted tracheal experiment (n ¼ 3) revealed that
BioGlue application offers a watertight sealing of the tra-
cheal incision (Figure 1, D). The bursting pressures of the
tracheal incision were 50, 55, and 120 cm H2O.
Three dogs were used for the animal study. The durations
of the animal experiment, including the transtracheal access
to the thoracic cavity and pericardial window creation, were
75, 87, and 97 minutes. There was no evidence of air leaks
from the chest tube during mechanical ventilation or of
mediastinal or thoracic organ injury during NOTES. At au-
topsy, no leaks were present during positive pressure
ventilation (tidal volume: 800 mL at a rate of 12/min peak
airway pressure 40–42 cm H2O) via the tracheal incision.
No visceral injury was observed, and complete sealing of
the tracheal incision by BioGlue was noted.ery c August 2011
FIGURE 1. A–C, Incision on the explanted trachea. D, Watertight sealing over the incision.
Brief Technique ReportsDISCUSSION
Failure to appropriately close the entrance wound cre-
ated in NOTES risks severe infection and mediastinitis.
Several modalities have been investigated in an attemptFIGURE 2. A, Tracheal incision was made using the sequential dilated techniqu
the tracheal incision after transtracheal thoracoscopy. D, Closure of the trachea
The Journal of Thoracic and Cato achieve successful closure of the wound and prevent
wound disruptions. These include the use of endoloops,
mechanical suturing devices, endoclips, and stent place-
ment.2-4 However, none of these reported techniques hase. B, Transtracheal pericardial windowwas created. C, Endoscopic view of
l incision by BioGlue (Cryolife, Kennesaw, Ga).
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Brief Technique Reportsgained wide popularity because of the lack of clinical
evidence.
Tracheal wound closure requires meticulous training and
can be difficult with recently reported endoscopic devices.
In contrast, BioGlue has the characteristic of facilitating
wound sealing immediately after application. BioGlue has
been used to treat postoperative bronchopleural fistula after
surgery for lung cancer and to seal the tracheal and bron-
chial anastomoses after segmental resection.5
The tracheal wound cannot be left to heal spontaneously
because of complications such as massive air leaks and ten-
sion pneumothorax. The BioGlue technique was successful
in that it provided an effective and quick method of tracheal
incision closure and obviated the need of removal of any
wound closure device.
The potential benefits of NOTES include minimizing
wound discomfort and improving cosmetic effect. Once the
technique matures in the future, the application may further
include lung cancer staging, mediastinal masses biopsy, and
diffuse lung disease biopsy. However, potential shortcomings
of this approach include mediastinitis and emphysema. It is
essential to ensure tracheal wound healing with this ap-
proach. In future studies, wewould carefully examine the tra-
chea wound tissue after the NOTES approach in different
stages. Ensuring that the trachealwound has a smooth healing
process is essential before introducing the new approach into
clinical application. According to our previous experience,From the Division of Cardiac Surgery, Ospedali Riuniti di Ancona, Ancona, Italy.
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460 The Journal of Thoracic and Cardiovascular Surgwe believe it is possible, perhaps with an adjuvant method
such as glue application on thewound, to have a good wound
healing after the transtracheal NOTES approach.
CONCLUSIONS
The use of BioGlue in the closure of tracheal incision of
NOTES performed for thoracic exploration is a feasible
technique for both explanted tracheal experiment and animal
studies. This technique is simpler than previously reported
techniques. However, further survival animal series investi-
gations with respect to safety and efficacy are needed.
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